Oil price shocks and economic policy uncertainty are interrelated and influence stock market return. For the U.S. an unanticipated increase in policy uncertainty has a significant negative effect on real stock returns. A positive oil-market specific demand shock (indicating greater concern about future oil supplies) significantly raises economic policy uncertainty and reduces real stock returns. The direct effects of oil shocks on real stock returns are amplified by endogenous policy uncertainty responses. Economic policy uncertainty and oil-market specific demand shock account for 19% and 12% of the longrun variability in real stock returns, respectively. As a robustness check, (domestic) economic policy uncertainty is shown to also significantly influence real stock returns in Europe and in energy-exporting Canada.
Introduction
The literature on the relationship between oil shocks and stock market activities has shown that changes in the price of crude oil are associated with the fluctuation of stock prices. Early papers by Kling (1985) , Jones and Kaul (1996) , and Sadorsky (1999) , among others, report a stable negative association between oil price shocks and stock price movements.
1 Recent papers by Hamilton (2009) , Kilian (2009) , and Kilian and Park (2009) , among others, suggest that different price shocks in the crude oil market have distinct effects on the stock market, in the sense that the responses of aggregate stock returns differs depending on the cause of oil supply or demand shocks.
The effect of uncertainty about economic policy on real activity and firm level decisions has also been emphasized in the literature. Baker et al. (2011) construct a measure of economic policy uncertainty and find that it influences the intensity of the business cycle and influences the business investment. Durnev (2011) finds that corporate investment is less sensitive to stock prices during election years. Boutchkova et al. (2012) relate political uncertainty to stock volatility. Pastor and Veronesi (2012) build a general equilibrium model predicting stock prices fall at the announcement of a policy change.
1 Papers by Apergis and Miller (2009), Miller and Ratti (2009) and Peersman and Van Robays (2012) , among others, show that the impact of oil price shocks on stock markets and real variables differs across countries. Work reporting that oil price increases lead to reduced stock returns for oil importing countries includes O'Neil et al. (2008) for US, UK and France, and Park and Ratti (2008) for US and 12 European oil importing countries. Jimenez-Rodriguez and Sanchez (2005) argue that the negative effects for oil importing countries are reinforced because of intensive trade connections. A number of papers find that large oil price changes have a positive impact on stock returns in oil-exporting countries (e.g., Arouri and Rault (2011) ). Filis et al. (2011) provide an extensive review.
Oil shocks and economic policy uncertainty are interrelated and influence real stock returns. Oil price shocks and economic policy uncertainty influence stock prices through affecting expected cash flows and/or discount rates. Given the importance of oil price shocks for the economy the issue of the appropriate response by policy makers arises. Oil price shocks change relative prices, redistribute income and influence expectations about inflation and the real interest rate. Structural oil price shocks can influence economic policy uncertainty. 2 Oil price increases driven by increased global aggregate demand for commodities might be associated with reduced economic policy uncertainty. Oil price increases caused by precautionary demand for crude oil in anticipation of oil shortages might be associated with increased economic policy uncertainty. It is necessary to allow for the endogenous relationships in order to identify the effect of policy uncertainty on real stock returns.
For the U.S. it is found that oil-market specific demand shocks account for over 25% of variation in economic policy uncertainty after 24 months. After recognizing the interrelationships between structural oil price shocks and economic policy uncertainty, the latter accounts for 19% of the long-term variability in real stock returns. Structural oil shocks account for about 33% of the long-term variability in real stock returns. As a robustness check, a positive innovation in (domestic) economic policy uncertainty is shown to significantly reduce real stock returns in Canada, an energy-exporting country, and in Europe, a net importer of crude oil. For Europe the effect of oil shocks on real stock returns are intensified compared to the U.S. and for Canada, an energy exporting 2 Higher volatility in oil prices has also been associated with increased uncertainty at firms. Elder and Serletis (2010) and Rahman and Serletis (2011) find that uncertainty about changes in the real price of oil has significant negative effects on real economic activity. Yoon and Ratti (2011) connect oil price change and volatility to firm level investment.
country, oil-market specific demand shocks are positively related to real stock returns.
We conduct the above analysis by extending a structural VAR model proposed by Kilian
The remainder of the article is organized as follows. Section 2 presents the structural VAR model and empirical methodology. Section 3 describes data sources.
Section 4 discusses empirical results. Section 5 concludes.
Methodology
The structural VAR model in Kilian (2009) Sims (1998) and Sims et al. (1990) argue that even variables that display no inertia do not necessarily show absence of long lags in regressions on other variables. 4 The stationary test on error terms is necessary to show that the structural VAR model does not suffer from instability condition. The result is not reported in the text for the simplicity of exposition.
the variables and models used in the established literature to make our results comparable.
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The reduced form VAR is obtained by multiplying both sides of Equation (1) 
in which aggregate demand shock will influence the real price of oil, immediately, in the sense that the expectations about future oil supply shortfall and/or global real economy downturn 5 Forecasting concerns the investigation of impulse response functions and forecast error variance decompositions, whereas the inference refers the study of estimates of regression coefficients. When we are not clear a prior whether a variable should be first-differenced, the impulse responses are reasonably precisely estimated using the (log-) levels of variables in the VAR model (e.g., Sims et al. (1990) and Kilian and Murphy (2012) ). drive the precautionary demand for oil up within the same month. U.S. economic policy uncertainty reacts contemporaneously to all three structural oil price shocks, as do real stock returns. The U.S. stock market is assumed to react to U.S. economic policy uncertainty, contemporaneously. Kilian and Vega (2011) To generate the standard errors of the impulse response function for the structural VAR model, we conduct recursive-design wild bootstrap with 2,000 replications proposed by Gonçalves and Kilian (2004) , in that the modified recursive-design bootstrap method yields asymptotic refinements for autoregressive models.
Data
The study utilizes monthly time-series data on the crude oil market, indext of U.S. economic policy uncertainty, and aggregate U.S. stock returns over 1985:1-2011:12. The sample period is determined by the availability of the index of U.S. economic policy uncertainty starting on January 1985. The aggregate U.S. stock return variable is from the Center for Research in Security Prices (CRSP) and is a value-weighted market portfolio which includes NYSE, AMEX, and Nasdaq stocks. Aggregate U.S. stock return is adjusted by the U.S. CPI to obtain a real stock return variable. 9 The raw counts about the news uncertainty are normalized by the number of news articles that contain the term 'today' in order to mitigate the volume accumulation and high-frequency noise problems. 10 The quarterly raw data of the forecast about inflation rates and federal government purchases are drawn from the survey of professional forecasters of Federal Reserve Bank of Philadelphia. The index value of monthly CPI disagreement and expenditure dispersion is held constant for each quarter. 11 The index value of taxation uncertainty is obtained for each January and kept constant for 12 months in the year.
Empirical Results

Variance Decomposition of real stock returns
The forecast error variance decompositions (FEVDs) of real stock returns are reported in Table 1 from the estimation of the structural VAR model in Equation (2) ( , The values in parentheses in Table 1 represent the absolute t-statistics when coefficients' standard errors were generated using a recursive-design wild bootstrap.
In Panel A of Table 1 it can be seen that in the first few months the effects of the three structural oil price shocks on real stock returns are negligible and not statistically significant. At 3 months, economic policy uncertainty explains 7.7% of the variation in real stock returns and the effect is marginally significant. Over time the explanatory power of the three structural shocks in the crude oil market and of economic policy uncertainty increase. In the long-term shocks to global oil supply, shocks to global real demand, and oil-market specific demand shocks explain 11.5%, 10.0%, and 11.9% of the variation in real stock returns, respectively, and that these results are statistically significant. It is reported in Table 1 is that economic policy uncertainty explains 19.0% of variation of real stock returns and this result is highly statistically significant.
Examination of the results in the last four Panels of Table 1 indicate that shocks to real stock returns are closely related to the volume of news stories focused on discussion of economic policy, rather than the expenditure/CPI forecast dispersions and the tax code expirations. Policy uncertainty measured by the volume of news stories focused on discussion of economic policy explain 19.4% of the variation in real stock returns in the long-term (in Panel B). It should be noted though that the FEVD results for real stock returns when policy uncertainty is measured by the expenditure/CPI forecast dispersions and the tax code expirations are statistically less significant. In summary, the results in Table 1 indicate that in the long-term the structural oil price shocks and economic policy uncertainty explain 33.4% and 19.0% of the variation in real stock returns, respectively.
Variance Decomposition of Economic Policy Uncertainty
The forecast error variance decompositions of overall economic policy uncertainty are reported in Panel A of Table 2. 12 It shows the percent contribution of structural shocks in the crude oil market to the overall variation of U.S. economic policy uncertainty. In the first few months the effects of the three structural oil price shocks on U.S. economic policy uncertainty are negligible. Over time the explanatory power of the three structural shocks in the crude oil market increases. After 24 months 25.5% of the volatility in economic policy uncertainty is accounted for by the innovations of unanticipated precautionary demand for oil. After 60 months this becomes 49%. These effects are statistically significant at the 1% level. Over the longer term the forecast error 12 The variance decomposition results for components of economic policy uncertainty are reported in Panel B, C, D and E of Table 2 . After 60 months oil-market specific demand shocks explain statistically significant 39.7% of the variance in news-based economic policy uncertainty and 25.1% of CPI forecasters' interquartile range, respectively. Over the same longer term, shocks to global real aggregate demand are found to explain large statistically significant fractions (31.8%) of the variance in federal expenditure policy uncertainties and 44.3% of the variance in tax code expiration uncertainties. These effects are also statistically significant at the 1% level.
variance decompositions (FEVDs) of economic policy uncertainty to innovations in global oil production and in global real demand are much smaller at 5.7% and 8.7%, respectively, not statistically significant.
In contrast to the effect of structural oil price shocks on economic policy uncertainty, the fraction of forecast error variance decomposition of economic policy uncertainty due to shocks to real stock price doesn't vary greatly with forecast horizon.
After 3 months, 24 months, and 60 months innovations in real stock returns account for 9.6%, 9.8%, and 11.6%, respectively, of the volatility in economic policy uncertainty.
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The results of this and the previous subsection imply that although structural oil price shocks significantly explain movement in economic policy uncertainty (and real stock returns), innovations to economic policy uncertainty also significantly impact real stock returns. Figure 2 reports the impulse response functions (IRFs) over 24 months of global oil production, global real economic activity, real price of oil, economic policy uncertainty, and real stock return to one-standard deviation structural shocks. Onestandard error and two-standard error bands indicated by dashed and dotted lines, respectively, are computed by conducting recursive-design wild bootrap with 2,000 replications proposed by Gonçalves and Kilian (2004) . The analysis of the IRFs presents the short-run dynamic response of dependent variables (i.e., vertical axis labels) to the structural shocks.
Impulse response functions
In the first row of Figure 2 are shown the responses of global oil production to structural innovations in global oil production, global real economic activity, the real price of oil, economic policy uncertainty, and real stock return. The effect of an unanticipated supply disruption on global oil production is very persistent and highly significant. A positive global real activity shock has a persistent positive effect on global oil production that is statistically significant for an extended period. Shocks to oilspecific market demand raise global oil production three to five months later and then become insignificant. Shocks to economic policy uncertainty eventually have a negative significant effect on global oil production after eighteen months. A positive shock to real stock returns significantly raise global oil production over a seven to eleven month window following the shock.
The effect of shocks on global real demand are shown on the second row of In summary, the results show that a positive shock to precautionary demand for crude oil causes significantly increased economic policy uncertainty and significantly reduced real stock returns. These effects are clearly illustrated in the diagrams in the 4 th and 5 th rows of column 3 in Figure 2 . A positive shock to global real demand causes significantly decreased economic policy uncertainty and increased real astock returns.
These effects are clearly illustrated in the diagrams in the 4 th and 5 th rows of column 2 in Figure 2 . An unexpected increase in economic policy uncertainty significantly decreases real stock returns at first before being reversed several months later (in the diagram in the 5 th rows of column 4 in Figure 2 ).
Robustness Check: International Evidence
To establish the robustness of the result that an unanticipated increase in policy uncertainty has a significant negative effect on real stock returns, this subsection examines how oil shocks and economic policy uncertainty influence real stock returns in Canada, an energy-exporting country, and in Europe, a net importer of crude oil. We Table 3 . The shock effects of European economic policy uncertainty account for a statistically significant 24.5% of the volatility in European real stock returns in the longterm.
The impulse response functions depict the reactions to one-standard deviation structural shocks over 24 months in Canada are reported in Figure 5 , whereas the forecast error variance decompositions of real stock returns is presented in Panel B of Table 3 . For 14 FTSEurofirst 300 Index represents 300 largest companies ranked by market capitalization in Europe. S&P/TSX Composite is an index of the stock prices of the largest companies and comprises about 70% of market capitalization for all Canadian-based companies.
Canada as an energy-exporting country a positive oil-market specific demand shock (indicating greater concern about future oil supplies) significantly raises real stock returns.
The result is consistent with Arouri and Rault (2011) for oil exporting countries.
However, for Canada, just as for the U.S. and Europe, a positive innovation in economic policy uncertainty reduces real stock returns. In Table 3 , Panel B, Canadian economic policy uncertainty accounts for a statistically significant 13.5% of the volatility in Canadian real stock returns in the long-term.
Finally, we change the order of the fourth and fifth variables in the structural VAR model. In the new model economic policy uncertainty is placed last in the order of variables and real stock returns are placed fourth. It is found (in results not reported) that the fraction of forecast error variance decomposition of real stock returns due to shocks to economic policy uncertainty is statistically significant similar in magnitude to the fractions reported in Tables 1 and 3 in the models for the U.S. and Canada and Europe.
Conclusion
In this paper we investigate the relationship between structural oil shocks, economic policy uncertainty and real stock returns with structural VAR model. It is found that oil-market specific demand shocks account for over 30% of variation in economic policy uncertainty after 24 months and that this fraction grows to 58% in the long-term.
Economic policy uncertainty accounts for 19% of the long-term variability in real stock returns and structural oil shocks account for 32% the long-term variability in real stock returns.
uncertainty is shown to significantly reduce real stock returns in Canada, an energyexporting country, and in Europe, a net importer of crude oil. For Europe the effect of oil shocks on real stock returns are intensified compared to the U.S. and for Canada, an energy exporting country, oil-market specific demand shocks are positively related to real stock returns. Structural oil price shocks have long-term consequences for economic policy uncertainty, and this provides an additional channel by which structural oil price shocks have influence on the stock market. Table 1 shows percent contributions of demand and supply shocks in the crude oil market and overall/component policy uncertainty to the overall variability of real stock returns. The forecast error variance decomposition is based on the structural VAR model described in the text. The values in parentheses represent the absolute t-statistics when coefficients' standard errors were generated using a recursive-design wild bootstrap. Table 2 shows percent contributions of demand and supply shocks in the crude oil market and stock market shocks to the overall variability of overall/component policy uncertainty in United States. The forecast error variance decomposition is based on the structural VAR model described in the text. The values in parentheses represent the absolute t-statistics when coefficients' standard errors were generated using a recursive-design wild bootstrap. Table 3 shows percent contributions of demand and supply shocks in the crude oil market and overall/component policy uncertainty to the overall variability of real stock returns in Europe/Canada. The forecast error variance decomposition is based on the structural VAR model described in the text. The values in parentheses represent the absolute t-statistics when coefficients' standard errors were generated using a recursive-design wild bootstrap.
